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Objectives This study sought to describe the clinical correlates and heritability of the early repolarization pattern (ERP)
in 2 large, population-based cohorts.
Background There is growing recognition that ERP is associated with adverse outcomes.
Methods Participants of the Framingham Heart Study (FHS) (N  3,995) and the Health 2000 Survey (H2K) (N  5,489)
were included. ERP was defined as a J-point elevation 0.1 mV in 2 leads in either the inferior (II, III, aVF) or
lateral (I, aVL, V4–6) territory or both. We tested the association between clinical characteristics and ERP, and
estimated sibling recurrence risk.
Results ERP was present in 243 of 3,955 (6.1%) of FHS and 180 of 5,489 (3.3%) of H2K subjects. Male sex, younger
age, lower systolic blood pressure, higher Sokolow-Lyon index, and lower Cornell voltage were independently as-
sociated with the presence of ERP. In the FHS sample, siblings of individuals with ERP had an ERP prevalence of
11.6% (recurrence risk ratio of 1.89). Siblings of individuals with ERP had an increased unadjusted odds of ERP
(odds ratio: 2.22, 95% confidence interval: 1.01 to 4.85, p  0.047).
Conclusions ERP has strong association with clinical factors and has evidence for a heritable basis in the general population.
Further assessment of the genetic determinants of ERP is warranted. (J Am Coll Cardiol 2011;57:2284–9)
© 2011 by the American College of Cardiology Foundation
Published by Elsevier Inc. doi:10.1016/j.jacc.2011.04.003d
A
s
sThe electrocardiographic early repolarization pattern (ERP) is
found in approximately 5% of the general population (1) and
as long been thought to be a “normal variant”(2). However,
merging data (3–5) demonstrate an association between ERP
n the inferior leads and sudden cardiac death (SCD).
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May 31, 2011:2284–9 Early Repolarization Patternidentified and point to an underlying electrophysiological
pathology (3,7). At the other end of the spectrum, the early
repolarization pattern is frequently observed in young, athletic,
healthy males.
We examined 2 large, community-based cohorts: 1) to
define the prevalence of ERP in the general population; 2) to
identity clinical correlates of ERP; and 3) to assess the
heritability of ERP.
Methods
Study population. The Framingham Heart Study (FHS)
is a prospective, community-based study that spans 3
generations in the United States (8). Third generation
subjects (n  4,095) with available electrocardiograms
(ECGs) were included. The Health 2000 Survey (H2K) is
a cross-sectional, population-based cohort in Finland (9).
Subjects were excluded for poor ECG quality, missing data,
QRS duration 120 ms, atrial fibrillation/flutter on the
ECG, Wolff-Parkinson-White syndrome, paced rhythm,
age 80 years, age 18 years, or self-reported non-
Caucasian race. The final samples included 3,955 subjects
from FHS and 5,489 from H2K. Both studies were ap-
proved by local ethics boards.
ECG measurements and ERP definition. The ECGs
were recorded as previously reported (10). In FHS, paper
ECGs were read manually. In H2K, the J-point measure-
ments were performed from digital ECGs using custom
software. An ECG was considered ERP positive if there
was J-point elevation of0.1 mV in2 leads in the inferior
(II, III, aVF) or lateral (I, aVL, V4–6) territory, or both.
Interobserver reliability was assessed within FHS reviewers
(kappa  0.65, 95% confidence interval [CI]: 0.48 to 0.82)
using a set of 100 ECGs selected to be one-third ERP
positive, and within H2K reviewers (kappa 0.63, 95% CI:
0.58 to 0.69) using the entire H2K ECG cohort. Interob-
server reliability was assessed between centers (kappa  0.86,
95% CI: 0.72 to 0.99).
Statistical analyses. In FHS, bivariate logistic regression
using generalized estimating equations to account for family
structure was used to estimate the variable relationships to
ERP in a model adjusting for age and sex. In H2K, logistic
regression was used to adjust for age and sex. In FHS and
H2K separately, multivariable logistic regression models
were then constructed, forcing in age and sex, using forward
selection (entry p  0.05, retention p  0.05). SAS proc
logistic (version 9.2, SAS Institute, Cary, North Carolina)
was used for model selection in both cohorts. In H2K, the
sex-specific ERP prevalence by decade was estimated and a
test for age by sex interaction performed.
Heritability analysis. In the FHS sample, the sibling
recurrence risk ratio (S) was estimated by comparing the
RP prevalence in siblings of ERP-positive individuals
o the ERP prevalence in the general population. Since
HS includes varying sibship sizes, a set of independent
articipants was sampled from all siblings to obtain the yopulation prevalence of ERP.
ne sibling was then chosen at
andom for each of the index
ubjects. Bootstrap confidence
ntervals were estimated for S by
esampling with 1,001 replicates.
dditionally, odds ratios were
btained predicting the ERP sta-
us of siblings of index individu-
ls using logistic regression, with
nd without adjustment for age
nd sex. In secondary analyses,
ibships were stratified based on the age of the index
articipant using 40 and 40 years (median age).
esults
RP was present in 243 of 3,955 (6.1%) of FHS subjects,
80 of 5,489 (3.3%) of H2K subjects, and 423 of 9,444
4.5%) overall. Clinical characteristics by ERP status are
hown in Table 1. Several characteristics were significant
redictors of ERP status in age- and sex-adjusted regression
odels (Table 2). The cohort-specific independent associ-
tions with ERP status are shown in Table 3. In H2K, there
as a higher ERP prevalence in men, decreasing prevalence
ith increasing age (Fig. 1, Table 4), and evidence for an
ge-by-sex interaction (p  0.048).
In FHS, siblings of individuals with ERP had an ERP
revalence of 11.6% (sibling recurrence risk ratio  11.6%/
.1%  1.89). Siblings of ERP-positive individuals had
ncreased odds of ERP that was attenuated after adjustment
or age and sex (Table 5).
iscussion
onsistent with published estimates ranging from 1% to
3% (1,4), we found an overall prevalence of ERP of
.5%. Variation in estimates may be due to differences in
rait definition, adjudication technique, and study sample
emographics. For instance, individuals in FHS were
pproximately 10 years younger than those in the H2K
ohort and the ERP prevalence was nearly twice as high.
Our study demonstrates independent associations of
RP with male sex, lower systolic blood pressure, higher
okolow-Lyon voltage, and lower Cornell voltage. Prior
eports have shown a positive association between
okolow-Lyon index and ERP (1,5), but the contrasting
ffects of Sokolow-Lyon and Cornell voltage have not
reviously been described. The Sokolow-Lyon and Cor-
ell voltages are poorly correlated to cardiac magnetic
esonance imaging– based estimates of left ventricular
ypertrophy (11) and have different clinical associations.
igher Cornell voltage has been associated with female
ex and increased blood pressure, whereas higher
okolow-Lyon index has been associated with male sex
nd lower body mass index (12). It is particularly high in
Abbreviations
and Acronyms
CI  confidence interval
ECG  electrocardiogram
ERP  early repolarization
pattern
FHS  Framingham Heart
Study
SCD  sudden cardiac
deathoung men with a thin chest wall resulting in high
Clinical Characteristics by Sex and ERP StatusTable 1 Clinical Characteristics by Sex and ERP Status
Framingham Heart Study (N  3,955) Health 2000 Study (N  5,489)
Men Women Men Women
ERP (n  1,638) ERP (n  184) ERP (n  2,074) ERP (n  59) ERP (n  2,291) ERP (n  137) ERP (n  3,018) ERP (n  43)
Age, yrs 40.7 8.7 37.7 8.8 40.1 8.8 36.4 9.2 50.2 12.1 43.2 10.8 50.8 13.1 47.0 (14.2)
RR interval, ms 1,004 164 1,076 189 966 153 1,030 174 987 170 1,072 167 961 149 1,000 175
Height, m 1.78 0.07 1.77 0.06 1.64 0.06 1.65 0.06 1.76 0.07 1.78 0.06 1.63 0.07 1.63 0.07
Weight, kg 89.2 16.1 84.2 15.2 70.4 16.9 67.33 18.1 84.8 14.4 79.4 11.3 70.7 13.7 69.5 13.4
BMI, kg/m2 28.1 4.7 26.8 4.4 26.1 6.1 24.7 6.1 27.3 4.1 25.2 3.1 26.8 5.1 26.0 4.3
PR interval, ms 155 22.7 155 24.9 143 21.3 141 19.9 166 28.5 165 25.9 158 24.8 160 22.6
QTc interval, ms 414 21.9 406 21.9 426 21.8 422 20.9 390 21.8 374 18.4 403 21.2 393 20.6
QRS duration, ms 91.0 9.51 92.4 9.6 84.2 8.8 85.3 7.4 93.2 9.1 91.7 8.1 86.4 8.2 82.3 7.1
Cornell voltage, mV 1.27 0.46 1.07 0.53 0.84 0.38 0.66 0.4 1.67 0.54 1.38 0.64 1.34 0.50 1.02 0.58
Sokolow-Lyon, mV 2.15 0.57 2.64 0.72 1.87 0.51 2.15 0.67 3.15 0.78 3.93 0.87 2.66 0.64 3.11 0.74
Hypertension 371 (22.7%) 22 (12.0%) 248 (12.0%) 1 (1.7%) 1,171 (51.1%) 43 (31.4%) 1,270 (42.1%) 10 (23.3%)
Diabetes mellitus 68 (4.2%) 4 (2.2%) 56 (2.7%) 0 (0%) 154 (6.7%) 4 (2.9%) 128 (4.2%) 2 (4.7%)
History of atrial fibrillation/flutter 10 (0.6%) 3 (1.6%) 9 (0.4%) 0 (0%) NA NA NA NA
Coronary heart disease 4 (0.2%) 0 (0%) 5 (0.2%) 0 (0%) 108 (4.7%) 3 (2.2%) 56 (1.9%) 1 (2.3%)
Cardiovascular disease 19 (1.2%) 0 (0%) 15 (0.7%) 0 (0%) 156 (6.8) 4 (2.9%) 128 (4.3%) 4 (9.3%)
Current smoker 281 (17.2%) 20 (10.9%) 303 (14.6%) 10 (17.0%) 809 (35.3) 64 (46.7%) 732 (24.3%) 16 (37.2%)
HDL cholesterol, mg/dl 46.6 12.5 48.4 12.3 60.9 16.0 63.8 14.9 46.0 12.5 50.7 14.5 55.9 14.5 54.2 12.7
Triglycerides, mg/dl 140 114 114 87.2 97.6 63.0 82.1 35.7 162 111 136 92.2 123 63.7 104 41.6
LDL cholesterol, mg/dl 120 31.6 118 31.3 105 29.9 101 29.3 149 40.1 147 40.3 139 40.3 131 41.2
Diastolic BP, mm Hg 78.8 9.3 75.2 8.9 72.8 9.2 71.0 7.3 85.0 10.6 81.3 9.6 80.0 10.7 74.6 10.0
Systolic BP, mm Hg 121 12.8 117 10.4 113 14.5 109 10.4 136 18.5 126 13.9 132 21.6 121 15.9
Beta-blocker medication 73 (4.5%) 6 (3.3%) 81 (3.9%) 1 (1.7%) 336 (14.7%) 11 (8.0%) 561 (18.6%) 7 (16.3%)
QT-prolonging medication 42 (2.6%) 1 (0.5%) 108 (5.2%) 0 (0%) 252 (11.0%) 12 (8.8%) 524 (17.4%) 8 (18.6%)
Family history of SCD 41 (2.5%) 4 (2.17%) 67 (3.23%) 1 (1.7%) NA NA NA NA
History of syncope 208 (12.7%) 21 (11.4%) 519 (25.0%) 21 (35.6%) NA NA NA NA
Values are mean  SD or n (%). QT interval corrected for heart rate with Bazett’s formula.
BMI  body mass index; BP  blood pressure; ERP  early repolarization pattern; HDL  high-density lipoprotein; LDL  low-density lipoprotein; NA  data not available; QTc  QT interval corrected for heart rate; SCD  sudden cardiac death.
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May 31, 2011:2284–9 Early Repolarization Patternprecordial voltage. Further work is needed to better
understand the relationship of ERP to various estimates
of left ventricular mass.
ERP appears to have a heritable basis based on the results
of our study and a recent report (13). If ERP in the general
population represents a stable, heritable phenomenon rather
Association Between ERP and Individual Clinical Characteristics ATable 2 Association Between ERP and Individual Clinical Chara
Framingham Heart Study
OR (95% CI)
Height, per 10 cm 0.87 (0.72–1.00)
Weight, per 10 kg 0.84 (0.76–0.95)
BMI, per kg/m2 0.95 (0.92–0.99)
RR interval, per 100 ms 1.30 (1.20–1.40)
PR interval, per 20 ms 1.10 (0.93–1.20)
QTc interval, per 20 ms 0.80 (0.70–0.90)
QRS duration, per 10 ms 1.20 (1.00–1.30)
Cornell voltage, per mV 0.38 (0.26–0.56)
Sokolow-Lyon, per mV 3.00 (2.40–3.80)
Hypertension 0.49 (0.32–0.77)
Diabetes 0.55 (0.20–1.50)
History of atrial fibrillation/flutter 2.40 (0.72–7.89)
Cardiovascular disease —
Coronary heart disease —
Current smoker 0.70 (0.46–1.10)
Total cholesterol, per 10 mg/dl 0.99 (0.95–1.00)
HDL cholesterol, per 10 mg/dl 1.10 (1.00–1.20)
Triglycerides, per 10 mg/dl 0.97 (0.94–0.99)
Log triglycerides 0.61 (0.47–0.78)
LDL cholesterol, per 10 mg/dl 0.99 (0.95–1.00)
Systolic BP, per 10 mm Hg 0.79 (0.71–0.89)
Diastolic BP, per 5 mm Hg 0.86 (0.80–0.93)
Beta-blocker use 0.89 (0.42–1.90)
QT-prolonging medication use 0.13 (0.02–0.94)
Family history of SCD 0.92 (0.40–2.10)
Syncope 1.10 (0.79-1.60)
CI  confidence interval; —  odds ratio (OR) could not be calculated due to low prevalence in th
Independent Predictors of ERPi Multivariable Regre sion ModelTable 3 Ind p ndent Predictors of ERPin Multivariable Regression Model
OR (95% CI) p Value
Framingham Heart Study
Age, per 10 yrs 0.84 (0.71–1.00) 0.05
Male vs. female 4.10 (2.80–5.80) 1.0 1014
Cornell voltage, per mV 0.41 (0.28–0.61) 1.4 105
Sokolow-Lyon, per mV 3.20 (2.50–4.10) 1.3 1020
Systolic BP, per 10 mm Hg 0.82 (0.72–0.92) 0.001
RR interval, per 100 ms 1.20 (1.10–1.30) 4.3 105
Health 2000 Survey
Age, per 10 yrs 0.95 (0.80–1.12) 0.51
Male vs. female 2.74 (1.80–4.20) 5.6 106
Cornell voltage, per mV 0.22 (0.15–0.32) 3.9 1016
Sokolow-Lyon, per mV 4.30 (3.40–5.40) 1.8 1034
Systolic BP, per 10 mm Hg 0.78 (0.69–0.88) 7.8 105
QTc interval, per 20 ms 0.61 (0.51–0.72) 1.0 108
QRS duration, per 10 ms 0.77 (0.63–0.95) 0.01Abbreviations as in Tables 1 and 2.than a consequence of physical training or a transient
characteristic of the “juvenile” ECG, it raises the question of
whether there are similarities in the genetic basis of ERP
djusting for Age and Sexistics After Adjusting for Age and Sex
3,955) Health 2000 Study (N  5,489)
p Value OR (95% CI) p Value
0.13 1.00 (0.79–1.30) 0.99
0.003 0.78 (0.69–0.88) 1.5 105
0.007 0.91 (0.88–0.95) 2.0 105
5.1 109 1.30 (1.20–1.40) 4.6 109
0.42 1.10 (0.98–1.20) 0.10
0.001 0.56 (0.48–0.65) 1.9 1013
0.05 0.71 (0.59–0.84) 1.3 104
1.4 106 0.36 (0.26–0.49) 3.9 109
2.9 1020 2.57 (2.15–3.06) 1.0 1025
0.002 0.60 (0.42–0.84) 0.004
0.25 0.78 (0.34–1.80) 0.56
0.16 — —
— 1.60 (0.73–3.40) 0.25
— 1.20 (0.52–2.60) 0.70
0.09 1.40 (1.00–1.90) 0.05
0.58 0.99 (0.96–1.00) 0.76
0.005 1.20 (1.10–1.30) 0.002
0.02 0.97 (0.95–0.99) 0.004
1.5 104 0.56 (0.41–0.77) 3.1 104
0.73 1.10 (0.99–1.10) 0.23
8.4 105 0.79 (0.71–0.87) 6.7 106
4.7 105 0.86 (0.80–0.92) 4.4 105
0.77 0.98 (0.59–1.70) 0.95
0.04 0.95 (0.59–1.50) 0.83
0.85 — —
0.56 — —
repolarization pattern  group; other abbreviations as in Table 1.
Figure 1 Prevalence of ERP by Sex and Age in the H2K
Prevalence of the early repolarization pattern (ERP) is shown for men (dashed
line) and women (solid line) by decade of age. Error bars represent 95% confi-
dence intervals. H2K  Health 2000 Survey.fter Acter
(N 
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Early Repolarization Pattern May 31, 2011:2284–9and other J-wave syndromes. Of course, the observation that
the early repolarization pattern is heritable suggests that
ERP has genetic determinants, but these factors may not
confer risk of arrhythmia. This concept has parallels to the
relationship of the QT interval with SCD. The long QT
syndrome is associated with an increased risk of SCD, and
prolongation of the QT interval is a risk factor for SCD at
the population level (14). The common genetic underpin-
nings of normal QT variation are increasingly understood
(10), but these variants have modest effects on SCD risk
(15). Similarly, although the relative risk of SCD is higher
in patients with ERP, the likelihood of SCD remains low in
absolute terms. Furthermore, since siblings of ERP-positive
individuals are more likely to have ERP, the value of
screening ECGs in siblings of SCD victims is uncertain
since even “benign” ERP may cluster in families.
The strengths of this study are its large, community-
based cohorts with application of a uniform adjudication
process. The major limitation is the lack of outcome data,
which precludes survival analysis. Additionally, the findings
Prevalence of ERP by Sex and Age in the HealthTable 4 Prevalence of ERP by Sex and Age
Age Group, yrs
Men (n  2,428)
n %
30–39 62 of 595 10.
40–49 41 of 655 6.
50–59 23 of 622 3.
60–69 6 of 372 1.
70–79 5 of 178 2.
Total 137 of 2,428 5.
Abbreviations as in Tables 1 and 2.
Sibling Recurrence Risks and ORsfor ERP in Sibli gs of ERP Individuals,Unadjusted and Adjusted for Age and Sex, in the FHS
Table 5
Sibling ecurre ce Ri ks and ORs
for ERP in Siblings of ERP Individuals,
Unadjusted and Adjusted for Age and Sex, in the FHS
OR (95% CI) p Value
Unstratified
ERP rate in general population 0.06 (0.05–0.07)
ERP rate in siblings of ERP subjects 0.11 (0.03–0.19)
Sibling recurrence risk (S)* 1.90 (1.31–2.70)
OR for ERP in sibs (unadjusted) 2.20 (1.00–4.90) 0.047
OR for ERP in sibs (adjusted) 2.00 (0.88–4.40) 0.10
Age 40 yrs
ERP rate in general population 0.07 (0.06–0.09)
ERP rate in siblings of ERP subjects 0.14 (0.04–0.24)
Sibling recurrence risk (S)* 1.90 (1.50–2.70)
OR for ERP in sibs (unadjusted) 2.10 (0.85–5.40) 0.11
OR for ERP in sibs (adjusted) 2.00 (0.83–5.00) 0.12
Age 40 yrs
ERP rate in general population 0.05 (0.04–0.07)
ERP rate in siblings of ERP subjects 0.06 (0.02–0.15)
Sibling recurrence risk (S)* 1.20 (0.60–3.10)
OR for ERP in sibs (unadjusted) 0.96 (0.12–7.40) 0.97
OR for ERP in sibs (adjusted) 0.99 (0.12–7.90) 0.99*Bootstrap confidence intervals
FHS  Framingham Heart Study; other abbreviations as in Tables 1 and 2.may not translate to individuals of non-European ancestry,
especially those of African descent in whom ERP is partic-
ularly prevalent.
Conclusions
We demonstrate that ERP shows strong association with
clinical factors and has a heritable basis. We believe that
these findings motivate further assessment of the genetic
determinants of the pattern.
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